In this study we used a new call feeding station, which enabled sows to learn that they have access to feed only after an individual acoustic signal was given. We tested whether this call feeding station is able to reduce agonistic interactions between sows and whether effects of call feeding can further be improved by enrichment. A total of 85 gestating sows were kept in a dynamic group in a large waiting area (207 m²) equipped with littered laying areas and an outside area. During a control treatment sows were fed in a normal electronic feeding station once a day (NF1-). Before testing the call feeding station sows had been conditioned for an acoustic signal (a trisyllabic "name") and learned that they were allowed to enter the feeding station only after their name was called. In the call feeding station sows were fed either once (CF1-) or twice a day (CF2-) . In addition, we tested for effects of further enrichment such as straw in the activity area (CF2+) . Agonistic behaviors and number of sows were observed by video in continuous recording from 0600 to 1800 h in an area (4 by 3.25 m) in front of the feeding station in periods of 4 d (NF1-= 7 periods, CF1-= 5 periods, CF2-= 3 periods, and CF2+ = 4 periods) and analyzed using mixed models.
ABSTRACT:
In this study we used a new call feeding station, which enabled sows to learn that they have access to feed only after an individual acoustic signal was given. We tested whether this call feeding station is able to reduce agonistic interactions between sows and whether effects of call feeding can further be improved by enrichment. A total of 85 gestating sows were kept in a dynamic group in a large waiting area (207 m²) equipped with littered laying areas and an outside area. During a control treatment sows were fed in a normal electronic feeding station once a day (NF1-). Before testing the call feeding station sows had been conditioned for an acoustic signal (a trisyllabic "name") and learned that they were allowed to enter the feeding station only after their name was called. In the call feeding station sows were fed either once (CF1-) or twice a day (CF2-) . In addition, we tested for effects of further enrichment such as straw in the activity area (CF2+) . Agonistic behaviors and number of sows were observed by video in continuous recording from 0600 to 1800 h in an area (4 by 3.25 m) in front of the feeding station in periods of 4 d (NF1-= 7 periods, CF1-= 5 periods, CF2-= 3 periods, and CF2+ = 4 periods) and analyzed using mixed models.
During each observation period sows were scored for wounds and body lesions at different body parts. From 0600 to 1100 h the proportion of agonistic interactions was much greater in the feeding mode NF1-compared with CF1-(feeding mode × time of day: P < 0.001) and in CF1-agonistic interactions were on a low level throughout the whole feeding cycle. The feeding frequency and the additional presence of straw in the activity area did not affect the proportion of agonistic interactions (all P > 0.05). The results on the number of sows in front of the feeding station mirrored the fi ndings for agonistic interactions. In NF1-more sows were involved in agonistic interactions compared with CF1-(83.1 ± 12.9% vs. 61.5 ± 19.6%; P = 0.005) but there was no difference between the call feeding station (CF) treatments. The number of severe lesions was greater at the head (P = 0.014) and the fl ank (P = 0.006) but not at the shoulders (P = 0.057) and the hindquarter (P = 0.426) in NF1-compared with CF1-. The results suggest that signaling the feeding time individually increases the predictability for access to the feeding station and consequently reduces competition between sows.
INTRODUCTION
In group housing of gestating sows electronic feeding stations are very common because they allow feeding according to the individual nutritional need of the sows and offer the possibility to control the feed intake of sows. Besides the advantage of group housing allowing social behavior, group housing can be accompanied by agonistic interactions between sows resulting in injuries and stress for the animals. The risk for agonistic interactions is increased by electronic feeding stations as they offer a restricted animal:feeding place ratio and access to feed is not predictable, thus increasing the competition between sows. In addition, gestating sows are often kept in dynamic groups in which members of a group regularly change according to their reproductive state. Moreover, group housing pens are often characterized by a barren environment, which hardly satisfi es the need for exploration behavior. Ernst et al. (2005) have shown in an experimental setup that fattening pigs were able to learn that they had access to feed only after an individual acoustic signal was given. Manteuffel et al. (2010) demonstrated that in principle such a call feeding can also be applied successfully in a small group of 8 gestating sows. A call feeding station will enable the sows to predict their access to feed and provides them with a short time anticipation of a positive event. This may result in a cognitive enrichment of the housing condition and is likely to reduce competition for access to feed resulting altogether in an improved welfare (Manteuffel et al., 2009b) .
The main focus of this study was to verify whether a call feeding station can also be applied to larger groups of gestating sows and if this will reduce agonistic interactions between sows. In addition, we tested whether effects of call feeding can further be improved by increasing the number of feed ratios from 1 to 2 per day or by additional physical enrichment such as straw in the activity area.
MATERIALS AND METHODS
All procedures were approved by the local animal welfare offi cer of the Friedrich-Loeffl er-Institut, Federal Research Institute for Animal Health, and were conducted in accordance with the European Council Directive 2001/88/EC amending Directive 91/630/EEC laying down minimum standards for the protection of pigs.
Animals, Housing, and Care
The study was conducted at the research station of the Friedrich-Loeffl er-Institut in Mariensee, Germany. We used a total of 85 sows (German Landrace) from the second to ninth lactation with a mean replacement of 25.5% (30 sows throughout the whole investigation). The herd was managed in a 3 wk rhythm resulting in 7 subgroups of 8 to 12 sows from which 4 subgroups stayed in the waiting area at the same time. Every 3 wk 1 subgroup of sows changed for the duration of 5 wk to the farrowing unit in which sows were kept in conventional farrowing crates. After weaning of piglets the sows of a given subgroup were kept for 4 d in a small group pen to reestablish social order. In these small pens young sows were introduced in a given subgroup if necessary for replacement. Subsequently, sows were confi ned in crates in the mating station for artifi cial insemination for about 6 d. Afterwards, sows of a subgroup were transferred again to a small group pen (75 m²) in which they were accustomed to a feeding station, identical to that one in the waiting area. Three weeks later the pregnant sows of a subgroup changed to the waiting area, where they joined the sows of 3 other subgroups. Thus, in such a dynamic group the subgroups regularly are changing the stable unit within the production cycle. This results in a change of group composition every 3 wk in the waiting area.
The waiting area, in which the experiments were done, was located in an uninsulated, free ventilated stable building that had a total area of 207 m² (Figure 1 ) with a concrete fl oor and was equipped with 5 straw littered lying boxes (2 by 4 m each). Adjacent to the waiting area the sows had access to an outside area (about 60 m²). Roughage (hay and straw) was offered ad libitum in a rack (1.80 by 0.70 m) and water was delivered by 4 drinking bowls.
Feed was given in an electronic feeding station (IN-TEC MAC; PigTek Europe GmbH, Schüttdorf, Germany) with an entrance measuring 1.50 by 0.60 m (length by width) and a trough area of 0.55 by 0.45 m (length by width). The feeding station was designed as a 1 way and the entrance was inside the pen whereas the exit led to the outside area ( Figure 1 ). All sows were equipped with an ear tag transponder, type MAC Mannebeck Animal Control (PigTek Europe GmbH, Schüttorf, Germany), for individual identifi cation by the feeding station. The sows were identifi ed by an antenna at the entrance of the station and if they had the right to feed, the door opened. Immediately after entering the station the entrance door closed, preventing the entered sow from being displaced by others. Sows were identifi ed a second time by an antenna at the trough. After the second identifi cation the trough opened and feed was dispensed. Sows were restrictively fed with concentrate pelleted food (crude protein: 13.3 %, digestable protein: 10.56%, crude lipid: 5.35%, and crude fi bre: 4.8%) according to the day of insemination and individual body score. The waiting area was cleaned every day and straw was added to the lying boxes at regular intervals. The food was mixed and pelleted at the research station of the Friedrich-Loeffl erInstitut, Mariensee, Germany.
Experimental Treatments
During the experimental period 4 different treatments were tested (Table 1) . During the fi rst treatment sows were fed according to common practical conditions with a normal feeding station (NF; Barnett et al., 1987 ) once a day. This feeding condition got along with the rule fi rst come, fi rst served, that is, the time of feeding was not predictable for the sows. This treatment served as a control and preceded the other 3 treatments. For the second treatment the feeding station was modifi ed to a call feeding station (CF) according to Manteuffel et al. (2010) . With the CF mode we conducted 3 succeeding different test treatments which differed in the number of feedings per day (1 feeding per day: CF1; 2 feedings per day: CF2) and in the presence of additional straw in the activity area (no straw: CF1-and CF2-; with straw: CF2+).
In CF1-the animals were fed once a day. In CF2-the sows were fed twice a day to reinforce possible positive effects of a cognitive enrichment. In CF2+ sows also were fed twice a day but straw was offered on the fl oor of the activity area ( Figure 1 ) as physical enrichment. In all other treatments, straw was offered only in the lying boxes as described above. Roughage (hay and straw) was offered in a rack in each of the 4 treatments. Since in with the normal feeding station (NF the sows were fed only once a day and no additional straw was offered in the activity area in the following we refer to the normal feeding station as NF1-.
Every treatment was divided into different observation periods, which consisted of 4 consecutive d from which 2 d preceded and 2 d followed an integration of a new subgroup into the waiting area. A period of at least 3 wk between the different treatments ensured that the animals could become familiar with a new treatment. Due to technical reasons the number of observation periods differed between treatments (Table 1) .
Resulting from the rotating management system (dynamic grouping of sows) and the regular replacement of sows, the group composition differed between treatments and between observation periods. In NF1-group size ranged from 21 to 32, in CF1+ [from 18 to 29, in CF2-from 23 to 33, and in CF2+ from 21 to 31 sows.
Also due to the rotating management system part of the sows were exposed to more than 1 of the 4 treatments. Altogether, 29 sows were tested only in 1 treatment, 8 sows in 2, 13 in 3, and 35 sows in all 4 treatments. The 30 young sows, which were integrated in the herd due to replacement of old sows, were equally distributed across the 4 treatments.
Learning Procedure and Calling
Sows were conditioned referring to the procedure described by Ernst et al. (2005) and training was done separately for each subgroup when sows stayed in the small group pen equipped with a feeding station identical to that of the waiting area. In the fi rst learning phase, sows were trained to associate an acoustic signal with the feed reward delivered in the feeding station (classical conditioning). We used trisyllabic "names" as acoustical signals, such as "Griselda," "Trudefru," or "Beate" [for a detailed description of the learning procedure see Manteuffel et al. (2010) ]. During the classical conditioning phase sows had free access to the feeding station and the individual signal was played back from a loudspeaker every 10 s during the time a sow got feed. The classical conditioning lasted for 1 wk and was followed by an operant conditioning phase lasting 2 wk. In this second learning phase the each sow was allowed to enter the feeding station only after her individual acoustic signal was played. During the entire learning phase the sows got feed twice a day during 2 feeding cycles. The fi rst feeding cycle lasted from 0600 to 1300 h and the second cycle lasted from 1400 to 1800 h. Within the 2 feeding cycles each sow was allowed once to feed in a random order. When a sow missed 1 feeding in the fi rst cycle, she received the whole amount of feed in the second feeding cycle to ensure that she got 100% of her total feed ration.
After the 3 wk of training, the subgroup was integrated into the waiting area. From this moment sows got their feed only after being called from the call feeding station either once or twice per day, according to the experimental treatment (CF1-, CF2-, or CF2+). In the waiting area the software of the call feeding station took into account a rough estimation of the social rank. Based on the age of sows, 3 dominance categories were calculated and each feeding cycle was divided into 3 sections. Within these sections sows of a corresponding dominance category were called in a random order . Moreover, to reduce the number of sows possibly waiting in front of the feeding station, a special call strategy was implemented. If a sow was recognized at the entrance immediately before she was about to be fed, the calling of this animal was delayed until another sow had been called. Hereby, an eventual rewarding of waiting in front of the call feeding station was excluded.
Video Observation
The behavior of sows was observed by a video camera (Santec VTC-E220IRP, 480 TVL, and 2.3 mm lens; Sanyo Video Vertrieb AG, Ahrensburg, Germany), which was installed above an area of 4 by 3.25 m in front of the feeding station (Figure 1 ). Video recording started 2 d before a new subgroup of sows was moved to the waiting area and continued for 4 d (96 h total). From the recordings, stored on a personal computer by our own custom software, we analyzed the number of sows within the observation area by scan sampling in 10 min intervals. In addition, the frequency of all agonistic interactions between individual sows within the observation area was analyzed in continuous sampling. As agonistic interactions we distinguished fi ghting, hunting, threatening, biting, and pushing (Table 2 ) and these behaviors were mutually exclusive. Recordings were analyzed from 0600 to 1800 h corresponding to the time the feeding station was active.
Scoring of Wounds and Lesions
During observation periods the sows were scored for wounds and body lesions every 3 wk, 2 d before and 2 d after a new subgroup was integrated into the waiting area. The scoring system referred to Ekesbo (1984) and both body sides of a sow were divided into 4 sections (head, shoulder, fl ank, and hindquarters) for scoring (Table 3) .
Statistical Analysis
The behavioral data obtained from video recordings were analyzed for each of the 2 d before and after integrating a new subgroup into the waiting area (day of observation). On each day of observation we calculated the mean number of agonistic interactions per sow per hour for each of the 12 h during which the feeding station was open (time of day). The number of sows observed in the area in front of the feeding station was expressed as proportion of sows per hour for each day of observation.
Because our experimental design was incomplete, we tested the effect of feeding mode by comparing treatments NF1-and CF1-, the effect of feeding frequency by comparing treatments CF1-and CF2-, and the effect of the presence of straw in the activity area by comparing the treatments CF2-and CF2+. We corrected for multiple testing using Bonferroni adjustment.
Data were analyzed using a mixed model ANOVA (MIXED procedure; SAS Inst. Inc., Cary, NC). Mean number of agonistic interactions per sow per hour and the proportion of sows in front of the feeding station were square-root transformed to obtain normal distribution of residuals. For testing the fi xed effects of feeding mode (NF and CF), feeding frequency (1 d-1 and 2 d-1), and presence of straw in the activity area (with and without straw) we used the otherwise same statistical model. As fi xed effects we included integrating phase (before and after integrating a new subgroup), time of day (0600 to 1800 h), and the interaction between feeding mode, feeding frequency, or presence of straw with time of day. The number of sows present in the waiting area was included as a covariate. The observation period (1 to 19), Threatening A sow makes 1 to 2 steps towards another sow and opens the mouth and pushes the head towards the other sow. The threatened animal is withdrawing. integrating phase (before and after) and day of observation (d 1 and d 2) were included as nested random effects in the model. In addition, we calculated the proportion of sows that had been actively or passively involved in agonistic interactions in the area in front of the feeding station for each day of observation. These proportions were arcsin-square-root transformed and subjected to a mixed model ANOVA with integrating phase and feeding mode, feeding frequency, or presence of straw in the feeding area as fi xed factors. Observation period and integrating phase were included as nested random effects. For the analysis of lesion scores we calculated the proportion of sows showing a score value ≥ 2 at the head, shoulder, fl ank, or hindquarters. These proportions were also arcsin-square-root transformed and analyzed with a mixed model ANOVA. Here, we included integrating phase and feeding mode, feeding frequency, or presence of straw as fi xed factors. Observation period was included as random factor in the model.
RESULTS

Agonistic Interactions
When comparing CF1-with NF1-we found highly signifi cant interactions between feeding mode and time of day (F 11,530 = 32.4; P < 0.001). During morning time there was a sharply greater proportion of agonistic interactions in NF1-compared with CF1- (Figure 2 ). Whereas in NF1-all agonistic interactions occurred until noon, in CF1-the proportion of agonistic interactions were equally distributed throughout the whole feeding cycle but at a low level in general.
Within the call feeding treatments there was a significant effect of the interaction between feeding frequency (CF1-vs. CF2-) and time of day on the proportion of agonistic interactions (F 11,308 = 2.21; P = 0.042). This was due to a different temporal distribution of agonistic interactions throughout the feeding time (Figure 3 ). In the morning the proportion of agonistic interactions was greater in CF2-compared with CF1-whereas in the early afternoon agonistic interactions decreased in CF2-but remained at the same level in CF1-.
The presence of straw in the activity area did not affect the proportion of agonistic interactions in the call feeding mode (CF2-vs. CF2+; presence of straw: F 1,6 = 0.35, P = 0.58; presence of straw × time of day: F 11,264 = 2.07, P = 0.07). However, there was a signifi cant effect of time of day (F 11,264 = 4.03; P < 0.001) refl ecting temporal changes in the proportion of agonistic interactions throughout the feeding cycle (Figure 4) .
Neither the number of sows in the waiting area nor the integrating phase (i.e., whether observations were done before or after integrating a new subgroup into the waiting area) affected the proportion of agonistic interactions in any of the treatments tested (all P > 0.05).
Number of Sows in Front of the Feeding Station
The results on the number of sows observed in front of the feeding station corresponded to the fi ndings obtained for agonistic interactions. The number of sows in front of the feeding station was affected by the interaction between feeding mode and time of day (F 11,506 = 33.2; P < 0.001). At start of the feeding cycle (0600 to 0800 h) more than 10% of sows were observed in this area in NF1-and this proportion steadily declined from noon to values lower than 2%. In CF1-the number of sows in the area in front of the feeding station was equally distributed throughout the whole feeding cycle and was never greater than 7%.
When we tested the effect of feeding frequency in the call feeding treatment (CF1-vs. CF2-) the interaction between feeding frequency and time of day was signifi cant (F 11,308 = 2.74; P = 0.007; data not shown) and the temporal course was comparable with that found for the proportion of agonistic interactions. In the treatments with and without straw in the activity area (CF2-vs. CF2+) only the time of day affected the number of sows in front of the feeding station (F 11,264 = 7.47; P < 0.001). In CF2-a greater proportion of sows was observed in front of the feeding station in the morning and in CF2+ more sows were observed in front of the feeding station in the afternoon.
The integrating phase and the number of sows in the waiting area did not affect the number of sows in front of the feeding station in any of the treatments (all P > 0.05).
Sows Involved in Agonistic Interactions
The proportion of sows involved in agonistic interactions was signifi cantly greater in NF1-(83.06 ± 12.85%) compared with CF1-(61.47 ± 19.61%; F 1,24 = 12.56; P = 0.005). Neither feeding frequency (CF1-vs. CF2-; F 1,15 = 2.67; P = 0.37) nor presence of straw in the activity area (CF2-vs. CF2+; F 1,13 = 0.07; P = 0.80) affected the number of sows involved in agonistic interactions in front of the feeding station. In addition, the number of sows involved in agonistic interactions did not differ between integrating phases and was not related to the number of sows in the waiting area (all P > 0.05).
Lesions
The feeding mode had a signifi cant effect on the proportion of sows with severe lesions (scores ≥ 2; Figure 5) . In NF1-the proportion of sows with severe lesions at the head (F 1,10 = 12.99; P = 0.014) and the fl ank (F 1,10 = 17.11; P = 0.006) was greater compared with CF1-but did not differ at the shoulders (F 1,10 = 7.72; P = 0.059) and the hindquarter (F 1,10 = 2.54; P = 0.43). When testing the effects of feeding frequency (CF1-vs. CF2-) and of presence of straw (CF2-vs. CF2+) we did not fi nd differences at any of the body parts (all P > 0.05; data not shown). Neither the number of sows in the waiting area nor the integrating phase affected the proportion of sows with severe lesions in the treatments tested (all P > 0.05).
Latency from Calling to Feeding
In CF1-the sows needed 1.28 ± 0.08 min (mean ± SEM) from the fi rst call until they were recognized by the antenna of the trough in the feeding station. When sows were fed twice a day they needed 1.07 ± 0.05 min in CF2+ and 1.06 ± 0.05 min in CF2-from the fi rst call to the trough.
To be able to roughly estimate the number of sows that could be fed by a CF we additionally calculated the time the sows needed between the fi rst call and closing the trough. In CF1-they needed 13.05 ± 0.95 min. In the treatments with 2 feedings per d sows needed 7.80 ± 0.28 min (CF2+) and 7.07 ± 0.15 min in CF2-per ration.
DISCUSSION
Our results show that a CF enabling group-housed sows to foresee their access to feed signifi cantly reduces agonistic interactions in front of the feeding station. Further enrichment by an increase of the number of feeding times or by straw in the activity area did not affect either the proportion of agonistic interactions or the number of sows in front of the feeding station in our housing situation.
A high level of agonistic interactions is 1 of the main problems in group housing of pregnant sows, in particular when sows are fed with an electronic feeding station (Remience et al., 2008) . In such a system sows are not able to feed simultaneously, resulting in a competition for access to feed. This is enforced by the inability of the sows to foresee the time they get access to an electronic feeding Figure 4 . Number of agonistic interactions per sows and hour (mean ± SEM) in front of the feeding station in the call feeding mode and 2 feed calls per day with (CF2+ ; crossed columns) and without (CF2-; striped columns) additional straw in the activity area. station (Durrell et al., 2002; Bassett and Buchanan-Smith, 2007) . Therefore, very often it can be observed that sows that do not receive their ration and are waiting in front of the feeding station become involved in agonistic interactions. In some electronic feeding stations such as the one used in our study, sows are protected from being displaced by others from the feeder by a protected zone in front of the feeder, which is closed by a door when a sow is feeding. However, agonistic interactions between sows waiting in front of the feeder cannot be reduced by such protection. In group housed sows access to the feeder often is regulated by the social status of sows (i.e., greater ranking sows have access to the feeder before lower ranking sows; Anil et al., 2006) . However, with dynamic groups a regulation of access to the feeder by social status is even more diffi cult.
The CF enables the sows to anticipate the time they get access to the feeding station. As has been shown by Manteuffel et al. (2010) sows are able to associate an individual acoustic signal with getting access to a feeding station. Moreover, sows seem to learn that waiting in front of the feeding station is not a successful strategy to get access to feed. Such an effect was also discussed by Wredle et al. (2006) , who trained cows to an individual acoustic signal to enter an automatic milking system. Eight of 10 cows approached the milking unit more often when an acoustic signal emitted from an apparatus attached to the collars was given than during control periods. Their results suggested that the cows learned not to go to the milking unit when no signal was given.
In our study the number of sows in the area in front of the feeding station was distributed more regularly throughout the whole feeding cycle in CF1-compared with NF1-. In the early morning, that is, at the beginning of the feeding cycle, in NF1-more than 10% of the sows were observed in front of the feeding station, which declined to values lower than 2% because nearly all sows got their feed ration before noon. In CF1-we did not observe more than 7% of sows in front of the feeding station throughout the whole feeding cycle. This fi nding indicates a reduced competition for access to the feeding station in CF1-compared with NF1-and is likely to have resulted in the reduced number of agonistic interactions in CF1-.
The CF not only resulted in fewer agonistic interactions in front of the feeding station but also reduced the number of sows involved in agonistic interactions. In the CF the sows were able to anticipate their individual access to feed. Consequently, they could avoid the area in front of the feeding station at other times and thus possible agonistic interactions with other sows. This is likely to be most benefi cial for lower ranking sows (Jensen, 1982) .
The reduced proportion of sows with severe lesion at the head and the fl ank in CF1-compared with NF1-refl ected the consequences of the reduced agonistic interactions (Remience et al., 2008) . Therefore, call feeding was not only likely to reduce the stress associated with agonistic interactions (Anil et al., 2006) but also was benefi cial for aspects of the health status of the sows.
In our study we further tried to increase the enrichment by increasing the calls to feed from once to twice per day and by additional presence of straw as bedding material in the activity area including the area in front of the feeding station. We expected that this would result in less agonistic interactions by further focusing the attention of the sows on the additional environmental stimuli and, in particular in case of supplemental provision of straw, by satisfying the feeding motivation of the sows (Jensen et al., 2000) .
However, these supplemental enrichments affected neither the agonistic interactions nor the number of sows in front of the feeding station. There was, however, a different temporal distribution of the number of agonistic interactions throughout the feeding cycle when we increased the feeding times from 1 to 2 per day. This obviously resulted from the different time schedule in which the sows were called to the feeding station. Another possible explanation might have been that increasing the number of calls from 1 to 2 may have increased the feeding motivation of sows and therefore may have counteracted the effect of further enrichment by increasing feed competition. The additional supply of straw did not affect the number of agonistic interactions and the use of the area in front of the feeding station possibly because in the waiting area straw and roughages already were offered in a rack and in the lying areas. Therefore, there already might have been suffi cient enrichment in the waiting area.
Surprisingly, the number of agonistic interactions in front of the feeding station did not differ before and after a subgroup was introduced into the waiting area. This was in contrast to other studies in which regrouping of sows regularly results in increased agonistic behavior (Gonyou, 2001; Anil et al., 2005 Anil et al., , 2006 Strawford et al., 2008) . Although in a dynamic group such as in our study at least some of the sows of the different subgroups already know each other and therefore establishing the social structure might be accompanied by less agonistic behavior, Strawford et al. (2008) found no differences in agonistic behavior between static and dynamic groups after mixing. The space allotment of the waiting area in our study was rather large and was structured by wooden walls between laying areas. An outdoor area was offered in addition. This might have enabled the sows to escape from other sows and to avoid agonistic interactions after regrouping (Strawford et al., 2008) . Alternatively, agonistic interactions predominantly might have been performed outside the observed area. At least the greater proportion of sows with severe lesions at the fl ank after integrating a subgroup might support this explanation.
Besides the positive effect on social behavior, a CF is likely to serve as a cognitive enrichment. By anticipat-ing positive stimuli such as access to feed, neurophysiological systems related to positive emotions are activated (Fiorino et al., 1993; Manteuffel et al., 2009a,b; Zebunke et al., 2011 ). In addition, call feeding is likely to train the auditory attentiveness of sows. During our experiments we were surprised by how quickly the sows reacted towards their individual acoustic signal although often it was masked by environmental noise and sometimes signals were diffi cult for us to discriminate.
With respect to the use of a CF in practice, it is important whether the number of sows that can be fed will be reduced. In the treatment in which sows were called once a day to the feeder, the "interfeed time" (i.e., the time from the fi rst call until a sow entered the feeding station and got feed and the next sow was called), was about 13 min. The time from the fi rst call until the sow was recognized by the antenna of the trough in the feeding station was about 1.5 min. This results in a mean duration of stay in the feeding station of 11.5 min, which is exactly the same duration found by Hoy and Weirich (2007) for a conventional electronic feeding station. Supposing a feeding cycle of 12 h and 1 feeding per sow per day, this would result in about 55 sows that can be fed by a CF. With a stay of about 11.5 min in the conventional feeding station it would be possible to feed 62 sows, presuming that the sows would immediately enter the feeding station 1 after the other. Therefore, with a CF the number of sows that can be fed might be reduced by about 11%. However, the waiting area used in our study was rather large and had an additional outdoor area. In smaller waiting areas the time from the fi rst call until entering the feeding station might be shorter. On the other hand, limited space may result in more sows standing in front of the station. A loss of feeding capacity might be compensated by an improved health state of sows and a reduced loss of piglets due to crushing if sows learn to be more attentive towards acoustic signals. Such possible advantages have to be tested under practical conditions and also consequences for the farrowing period have to be taken into account.
A positive aspect of a CF with respect to management is that habituation of gilts to the feeding station is simplifi ed. Gilts can be trained by the stockman to enter the feeding station without being hampered by other sows staying in front of the feeding station. Moreover, if sows learned to enter the station after calling this can be used to immediately separate single sows for management procedures such as individual medication.
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